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*References at the end of Foreword (chapter 2). 
 
 
 
1.Summary 
 
Penicillium nordicum is an important contaminant of cured meat products, 
representing 10% and 26% of the Penicillium spp. isolated, respectively, from the air 
or the products in a survey managed in Italy (Battilani et al., 2007). Several P. 
nordicum cured meat isolates proved to be important producers of ochratoxin A, 
OTA (Sansom and Frisvad, 2004; Pietri et al., 2006; Battilani et al., 2010). Currently, 
the appropriate setting of environmental conditions (temperature, relative humidity 
and air circulation), is the only accepted tool to prevent the uncontrolled growth of 
P. nordicum inside dry-curing plants through a carefully structured Hazard Analysis 
Critical Control Point (HACCP) plan (Asefa et al., 2011; Virgili et al., 2012). Even if 
the HACCP system has been successfully applied in the food industry, there are 
food safety hazards not carefully considered. This is especially true with regard to 
mycotoxigenic hazards associated with animal food products. The term 
“mycotoxigenic hazards” is used by Asefa et al. (2011) to describe pathogenic 
yeasts and toxic secondary metabolites of toxigenic moulds that contaminate food 
products and affect food safety. Most HACCP plans in food processing activities, 
such as the production of cheese and dry-cured meat products, considered mainly 
bacterial agents (Arvanitoyannis and Mavropoulos, 2000; Barbuti and Parolari, 
2002), even if such food products get often contaminated with mycotoxigenic fungi 
and their metabolites (Spotti et al 1989; Spotti et al., 2001a; Battilani et al 2007). 
Therefore, it should be crucial to define a HACCP plan specifically focused on the 
mycotoxigenic hazards. 
The identification, control and standardization of the surface mycoflora of cured 
meat products is mandatory to preserve the productions safety and the consumers 
health. This is the context of the effectiveness and reliability evaluation for the 
Penicillium spp. identification methods of interesting species for food production. 
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In this context, the research project of this PHD thesis tried to fill some gaps of 
knowledge with the attempt to limit the mycotoxigenic risk in the cured meat 
products chain. 
The following topics were faced: 
1. study of the composition and dynamic of fungal microflora present on the 
surface of cured meat products (salami) and the air of seasoning environments 
taking into account the influence of some process parameters (starter inoculum, 
curing temperature, stage of seasoning). 
2. development of a MALDI TOF MS method for the identification of Penicilium at 
species level for future direct screening perspectives of the microflora present on 
cured meat products. 
3. comparison and integration of different techniques, as morphological, 
molecular and mass spectral analysis, for the identification of Penicillium species in 
cured meat products. 
4. evaluation of selected yeasts, isolated from dry-cured ham surface, to 
compete with P. nordicum and to inhibit OTA accumulation in the perspective of 
their use as surface starter biocontrol agents. 
 
The activities carried out to perform all the points listed above and included in the PHD 
project were organized year for year as follows: 
 
Regarding topic 1, the project focused on the study of fungal population related to salami 
with the quantification and identification of the fungal population following a morphological 
approach (Pitt, 1979).  
Penicillium spp. were largely dominant in the fungal population detected. The highest 
fungal presence on salami was observed in half of the curing stage, at the peak of the 
presence of fungi in the air of seasoning rooms. The different Na/K ratio in the salt added 
to minced meat influenced the population of yeasts grown on the surface of the salami, 
while no effects were observed on the development of Penicillium spp.. There was no 
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clear role of starter inocula with different microorganisms on the microbial population, while 
higher storage temperatures increased Penicillium population.  
 
Topics 2 and 3 focused on the development of a spectrometric method of analysis 
(MALDI TOF MS). The study was performed developing a protocol for the fast screening of 
Penicillium population aimed to discriminate different species based on the fungal protein 
fraction expressed. The approach, finalized to the identification of different biomarkers, 
concerned the analysis of the intra-cell soluble proteins fraction characteristic of each 
species. The method developed was able to obtain good spectra quality and 
reproducibility. P. citrinum , P.roqueforti and P. nalgiovense reference (type, REF) isolates 
showed an adequate clustering, based on MALDI results, to allow the definition of group 
names in the dendogram. 
The MALDI TOF MS protocol developed was used to screen a set of Penicillium strains 
isolated in different cured meat and cheese plant environments and products. The study 
highlighted the relevance of joining different approaches to optimize Penicilllium species 
identification. 
The MALDI approach was compared with the other approaches described in literature and 
in particular with morphological and molecular approaches (Samson and Frisvad, 2004). 
Penicillium spp. identification based on morphology was confirmed as very difficult as 
described in literature (Samson and Frisvad, 2004). The scientific community commonly 
do not accept only morphology as mean of identification, but on the other side molecular 
tools are still poor and MALDI TOF MS approach still need to be improved. Anyway MALDI 
TOF MS approach seems promising for future applications. 
Comparing the MALDI TOF MS technique with the molecular approach looking the beta 
tubulin, CO1 described in literature and obtained by public sequences was still not 
exhaustive. All the dendrograms obtained with different genes sequencing presented 
several gaps or doubts, different for each gene tested while some evidence were common 
each other and with the MALDI TOF MS clustering. Clustering together different genes 
was not possible being very few the strains sequenced for more than 1 gene available in 
public data bases. A better clustering and comparison will be possible when all the strains 
considered in this study will be sequenced for CO1 and ßtubulin (ongoing activity).  
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Based on this study, MALDI is an interesting approach but it is not yet completely clear if it 
will be sufficient alone for Penicillium identification at species level; the study shows, as at 
the moment, that this discrimination is possible only for  species not phylogenitically 
closely related (species from different Sections, Samson and Frisvad, 2004). 
 
Studies related to topic 4 focused on the evaluation in vitro, on meat portions, the ability 
of selected yeasts isolated from dry-cured ham surface to compete with P. nordicum and 
to inhibit OTA accumulation in the perspective of their use as surface starter cultures. 
Three yeast strains were selected. Meat portions (50 mm in diameter and 10 mm in height) 
were aseptically removed from pork muscle including Biceps femoris and 
semimembranosus and processed according to Battilani et al. (2010). The experimental 
design was carried out in duplicate. Dry cured pork meat portions were placed in Petri 
dishes, shared by their aw, inoculated with one yeast and centrally spotted with P. 
nordicum suspension as described in the factorial design of the chapter 7 in the thesis. 
D. hansenii showed the greatest antagonistic activity against P. nordicum, irrespective of 
investigated conditions in terms of water activity, incubation time and concentration of 
microbial population on ham surface. The outcome of this trial demonstrated the potential 
use of selected yeasts as biocontrol agents able to inhibit P. nordicum growth and OTA 
accumulation in the perspective of a safer processing of cured pork meat. 
 
